Abstract: This study presents CT Scanning and radiography techniques applied to invertebrate paleontology, specifically to the detection of trilobites forgeries in Morocco. A well-known technique uses ultraviolet rays to detect falsified resin elements in trilobites. This technique is very effective for the trilobites of the Ordovician of Russia, although it is also used in specimens from other regions as we can see in figure 1: a topotype of the Upper Ordovician of Morocco, Uralichas hispanicus tardus Vela & Corbacho, 2009 . This technique is not entirely reliable since it only detects the resin but not the density difference of different broken pieces that can be present in an authentic trilobite and its matrix, so these parts could belong to different specimens. This problem is solved with the utilization of a CT Scanning and in some cases with simple radiography. This paper presents mainly holotypes, paratypes and other specimens included in scientific articles, belonging to the Lower Ordovician, Upper Ordovician and Middle Devonian. The authenticity of the figured specimens are further substantiated and demonstrate that they retain the necessary characters to make an accurate description of the designated new species.
Introduction
In this paper the techniques of CT Scanning and radiography applied to the detection of falsifications of trilobites of Morocco are explained and shown especially, holotypes, paratypes and specimens included in scientific documents. Currently the CT Scanning and radiographs have become the most effective tools that can be utilized in Paleontology to demonstrate the authenticity of fossils to a Judicial Expert. All the specimens presented in this paper come from Morocco.
We are currently making a new paper with CT Scannig and radiographs of some specimens of Platypeltoides of Morocco, see the paper of the authors of the reference [3] .
The main objective of this document is to demonstrate with the techniques of computerized tomography and radiography and ultraviolet light the authenticity of the different holotypes, paratypes and topotype ( Figure 1 ) shown in this paper. This study is aimed at scientists and jurists (judges, prosecutors, lawyers, judicial experts, etc.). [2] . It 
Historical Background
X-ray computed tomography originated about 100 years ago with the development of mechanical tomography with the earliest attempts of paleontological X-ray imaging; circa 1896 [4] .
The application of CT Scanning and radiography to detect paleontological forgeries has been used for many years with vertebrates [5, 6] and with invertebrates [7] , not only for the verification of their authenticity but also to see elements of the fossil without the need to remove the matrix, as in some cases it is impossible or would not be advisable as mechanical preparation would cause damage to the specimen, see [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
In recent years it has become standard practice for vendors to send photos of the trilobite recovery work process as it progresses, see ( Figure 2 ). Counterfeits have also been detected in this method, as photos are sometimes sent to the buyer with the unfinished fossil but with repaired or replaced parts. In these cases, CT Scanning and radiography are also effective. 
Geographical, Geological Settings and Localities
Platypeltoides cuervoae (Corbacho & 
Materials and Methods

Specimens Studied
The holotype and three paratypes of Platypeltoides cuervoae, plus another disarticulated caparace that has appeared below them during the scanning process, are presented and an additional specimen of Platypeltoides cuervoae from Morocco that was not used for the description of the species nor has it appeared in any scientific article; the holotype of Basilicus calzadai; the holotype and a paratype of Degamella sendinoae; the holotype of Zeliszkella (Z.) velai; a specimen in [2] of Placoparia sp. and three specimens of Acanthopyge (Acanthopyge) sp. In addition, we present a trilobite that has appeared in a scientific article, [2, 13] a topotype of Uralichas hispanicus tardus ( Figure 1 ) that has not been scanned or x-rayed. Acanthopyge (Figure 2 ) 60
Measurements
Methods
The methods that have been carried out in this paper are Ultraviolet rays for Figure 1 , CT Scanning and radiography for the rest of images.
CT Scanning
Two different CT Scans have been used, one from the Catalan Institute of Paleontology (=ICP) of Sabadell (Spain), Evidence in Paleontology (Trilobites of Morocco) using an industrial CT-scan YXLON Y-TU 450-D09 only for specimen radiographs in June 2013 for specimens of Acanthopyge (Figure 3 ), under the following parameters: 300 kV, 2.3 mA, 1 mm cupper filter, 80 projections, 50 ms.
Another from the Natural History Museum (=NHM) of London (UK) using a micro CT-scan Nikon Metrology HMX ST 225 model in May 2019 for the holotype (NHMUKit28944) and paratype (NHMUK-it28945) plus another disarticulated caparace that has appeared below them when scanning Platypeltoides cuervoae deposited at the NHM in London, (Figure 4) , under the following parameters: 225 kV, 500 µA, 1.6 mm silver filter, 3142 projections, 1415 ms exposure time and a voxel size of 0.107728 mm. The image process and 3D final models were carried out by using the software AVIZO 7.1.0. a) Trilobites of the Middle Devonian of the Mader basin, South of Morocco (Figure 3) . Two complete specimens of Acanthopyge (A.) sp. These CT Scans were used to rule out possible falsifications since they were purchased from a Moroccan fossil specialist and will be used to describe the two new species. The specimen of image 1 was discarded and that of image 2 was reserved as a paratype. 5 and 8) . The holotype and the paratype of Platypeltoides cuervoae deposited in the NHM of London (UK) with the numbers NHMUK-it28944 for the holotype and NHMUK-it28945 for the paratype and another disarticulated caparace that has appeared below them during the scanning process are presented ( Figure 4 , image 2). In Figure 4 , it is observed that the repaired elements with resin do not impede the ability to make an accurate description of the species. Typically, the large trilobite fossils of this locality present fractures, it is virtually impossible to extract them completely without breaking. Images 3 and 4 of Figure 4 clearly show that the fossils have not been mounted in the matrix because there is no space or fill between the fossil and the matrix. 
Radiographs
The Radiographs were taken at the Veterinary Clinic Morera of Sabadell (Spain) 
Photographs
Photographic imaging was produced utilizing a CANON EOS 1100D digital camera.
Ultraviolet Rays
For the image of Figure 1 an Electronic Inspection Lamp 8W of the brand Sentao Electronics, model YH8-1 has been used. Technical data: Uout=700VAC.
Conclusions
This article demonstrates the authenticity of the specimens presented through the use of the CT Scanning and radiography. It also shows an example of the use of ultraviolet rays and another demonstration by high resolution photographs of the fossil recovery process.
With the tests shown here, we can affirm that the presented specimens except those of Figure 3 , 1 and that of Figure 7 , maintain all the necessary characteristics to make a correct description of a new species. A good illustrative example of this practice comes from Professor Richard Fortey, (NHM) of London (UK) in 2009 who described a new species of Moroccan trilobite, Asaphellus stubbsi, in spite of being partly restored, which is explained fully in the text of the description [19] .
Computed tomography and radiography are essential tools for judges, prosecutors, lawyers and legal experts in paleontology.
